Introduction
Tardigrades, commonly known as water bears, belong to the invertebrate superclade Ecdysozoa. These microscopic metazoans can be found in almost all aquatic and terrestrial ecosystems throughout the world (Ramazzotti and Maucci, 1983; Nelson, 2001) . "Terrestrial" tardigrades usually inhabit the thin layer of water on cryptogam leaves or algae and the interstitial spaces between soil particles and leaf litter (Nelson and Marley, 2000; Nelson, 2002) . At present, about 1200 tardigrade species have been described around the world (Guidetti and Bertolani, 2005; Degma and Guidetti, 2007; Degma et al., 2009 Degma et al., -2014 .
Interest in Colombian tardigrades is just developing, and as a consequence the tardigrade fauna in this region is still very poorly known. To date, only a few tardigrade papers have been published from this region, in which 30 tardigrade taxa have been reported: those of Richters (1911a Richters ( , 1911b , Heinis (1914) , Marcus (1936) , Jerez and Narváez (2001) , Jerez et al. (2002) , and Degma et al. (2008) .
In Colombia, about 50% of moss diversity is present in the high Andean forests (Armenteras et al., 2007; Rangel, 2008) . Tardigrades prefer mountain habitats (e.g., Dastych, 1988) . Therefore, a study on Tardigrada in these environments would substantially increase knowledge of the biodiversity of these organisms in the country as a whole. The aim of this research was to study the composition of tardigrade fauna in epiphytic and rock mosses in a high Andean forest in Guatavita (Cundinamarca Department). In this paper, we report 8 tardigrade taxa (including 5 species new to Colombian fauna) found in Guatavita with some zoogeographical and taxonomical remarks and combine them with a complete list of all Colombian tardigrades.
Materials and methods
The study was conducted in a relic high Andean forest near Tominé Dam in Guatavita (Cundinamarca Department). All moss samples were collected from trees (12 samples) and rocks (6 samples) in a 25-m 2 research plot (04°56′N, 73°50′W; average altitude 2650 m a.s.l.). Samples were placed in paper bags until they were completely dry and were then stored at -20 °C. Detailed localities and geographical coordinates for all samples are presented in Table 1 .
Tardigrades were extracted from the moss samples by a modified Baermann funnel filtration process (Whitehead and Hemming, 1965) , a standard method for extracting active tardigrades (Convey and McInnes, 2005) .
Tardigrades and their eggs were mounted on microscope slides in polyvinyl alcohol. Live specimens of Hypsibius dujardini (Doyère, 1840) and Paramacrobiotus danielae (Pilato, Binda, Napolitano & Moncada, 2001) were cultured on small petri dishes containing agar medium and a thin layer of filtered distilled water. Rotifers (isolated from the same mosses) or algae (Scenedesmus acutus and Selenastrum capricornutum, provided by Claudia Campos from the Microbiology Department, Pontifical Xavierian University) were used as a food source. The cultures allowed us to collect the adults and eggs for the identification of specimens from genera Hypsibius and Paramacrobiotus.
The final species identification was made based on keys and original descriptions or redescriptions (Ramazzotti, 1962; Ramazzotti and Maucci, 1983; Dastych, 1988; Bertolani and Rebecchi, 1993; Pilato et al., 2001; Kaczmarek et al., 2004; Miller et al., 2005; Michalczyk and Kaczmarek, 2006; Kaczmarek and Michalczyk, 2007; Michalczyk et al., 2012a Michalczyk et al., , 2012b . 
Results
Tardigrades and/or their eggs were found in 94% of the samples (see Table 1 ). Richters, 1908 Material examined: 113 specimens in 10 samples (see Table 1 ).
Remarks: Collected specimens correspond perfectly to the redescription of this species (Michalczyk and Kaczmarek, 2006) . In the present study, this species was found mostly in epiphytic mosses. According to Michalczyk and Kaczmarek (2006) , E. bigranulatus sensu stricto is the nominal species for the complex of species and is known only from South and Central America (see also Table 2) .
Class: Eutardigrada Richters, 1926 Order: Parachela Schuster, Nelson, Grigarick & Christenberry, 1980 Family: Hypsibiidae Pilato, 1969 Subfamily: Hypsibiinae Pilato, 1969 Genus: Hypsibius Ehrenberg, 1848 2. Hypsibius dujardini (Doyère, 1840)* Material examined: Thirty-one mounted specimens and 5 cultured specimens, comprising several generations in 11 samples (see Table 1 ).
Remarks: The original description is unsatisfactory; therefore, the examined specimens were compared with the later descriptions (e.g., Ramazzotti and Maucci, 1983; Dastych, 1988; Miller et al., 2005) . In the present study, this species was found mostly in the epiphytic mosses. It belongs to the cosmopolitan species complex with many older records that should be revised (Kinchin, 1994; McInnes, 1994; Guil et al., 2009; Kaczmarek and Michalczyk, 2009 Table 1 ).
Remarks: Macrobiotus hufelandi C.A.S. Schultze, 1834, sensu stricto is a nominal species for a cosmopolitan group of species (McInnes, 1994) . Species from this group require a very careful taxonomic analysis, including the examination of egg morphology. Additionally, many new species have been described in this group in the past few years (e.g., Bertolani et al., 2011; Biserov et al., 2011; Pilato et al., 2012; Guidetti et al., 2013 ; see also Bertolani and Rebecchi, 1993 for the diagnostic key to the group). Unfortunately, we did not find eggs in our material; thus, correct identification to the species level was not possible. In the present study, this species was found only in the epiphytic mosses. Macrobiotus hufelandi has been reported from a few localities in Colombia, but most of them require confirmation based on modern literature (see Table 2 ).
4. Macrobiotus cf. islandicus Material examined: One specimen in 1 sample (see Table 1 ).
Remarks: Macrobiotus islandicus Richters, 1904 , sensu stricto should probably be considered as a nominal species for a cosmopolitan group of species (McInnes, 1994 ; see also Table 2 ). Due to the absence of eggs in the examined material, correct identification to species level was not possible. Only 1 specimen was found in epiphytic moss.
Genus: Paramacrobiotus Guidetti, Schill, Bertolani, Dandekar & Wolf, 2009 5. Paramacrobiotus danielae (Pilato et al., 2001 )* Material examined in this study: Forty-nine specimens in 7 samples (see Table 1 ) and 6 eggs from the culture.
Remarks: Collected specimens and eggs correspond perfectly to the original description (Pilato et al., 2001) . Previously, the species was known only from Ecuador and Peru (see Table 2 ). Species were collected mostly from rock mosses.
Order: Apochela Schuster, Nelson, Grigarick & Christenberry, 1980 Family: Milnesiidae Ramazzotti, 1962 Genus: Milnesium Doyère, 1840 6. Milnesium granulatum Ramazzotti, 1962* Material examined: Five specimens in 2 samples (see Table 1 ).
Remarks: Our specimens correspond perfectly with the original description and later redescription (Ramazzotti, 1962; Michalczyk, et al., 2012a Michalczyk, et al., , 2012b . This species was found only in 2 epiphytic mosses. It was previously reported from only a few disjunct localities in South America and Europe (see also (Bartoš, 1940, Ramazzotti and Maucci, 1983) , or rather a species complex (Michalczyk and Kaczmarek, 2005 This species belongs to the convergens-dujardini complex of species, which is cosmopolitan (McInnes, 1994; Miller et al., 2005; Kaczmarek and Michalczyk, 2009 ).
14 H. fuhrmanni Heinis, 1914 2 A
The original description (Heinis, 1914) was not sufficient to enable Marcus (1936) to attribute the species positively to genus Hypsibius, and the correct taxonomic position of this species is unclear. Currently endemic to Colombia.
15
I. prosostomus Thulin, 1928 3 F Cosmopolitan (McInnes, 1994 , but needing a redescription.
16

Macrobiotus echinogenitus
Richters, 1903 sensu lato 2 A, C, ?
Cosmopolitan (McInnes, 1994) , but for more details see Maucci (1986) and Binda (1988) . The presence of this species in Colombia needs to be confirmed. It has a very disjunct distribution (McInnes, 1994) . However, given the locus typicus is in the Himalayas, report from Colombia needs a confirmation.
22
Milnesium granulatum (Ramazzotti, 1962) * 7 E Species with disjunct distribution, recorded from Chile, Italy, Romania, and USA (Ramazzotti, 1962; Bartels et al., 2014; Ciobanu et al. 2014 ).
23
Milnesium katarzynae Kaczmarek et al., 2004 * 7 E Species with pantropical distribution, known only from China and Costa Rica (Kaczmarek et al., 2004 (Kaczmarek et al., , 2014a . This is the third record of this species.
24
M. krzysztofi Kaczmarek and Michalczyk, 2007* 7 E Species with Neotropical distribution, known only from Costa Rica and Peru (Kaczmarek et al., 2014a (Kaczmarek et al., , 2014b . It is the third record of this species.
25
M. tardigradum Doyère, 1840 sensu lato 2, 3 A, C, D, F Probably Palearctic or Holarctic distribution. All records of M. tardigradum prior to its redescription (Michalczyk et al., 2012a (Michalczyk et al., , 2012b should be verified. Additionally, Meyer (2013) stated: "The vast majority of records of M. tardigradum in earlier papers on the Americas should now be reassigned to Milnesium tardigradum sensu lato, either because the provided description differs significantly from M. tardigradum sensu stricto or because insufficient description is provided to make a determination. "
26
Minibiotus intermedius (Plate, 1888) 2, 3 A, C, E, F, ?
Minibiotus intermedius used to be considered as cosmopolitan, but according to more modern taxonomy it is a species complex (Claxton, 1998) .
27
Murrayon pullari (Murray, 1907) 2 H Holarctic, with few non-Holarctic localities (McInnes, 1994) .
28
Paramacrobiotus areolatus (Murray, 1907) sensu lato 3 F
The nominal species for a cosmopolitan (McInnes, 1994) P. areolatus-richtersi species group, so with an unknown geographic range (see also remarks in Kaczmarek et al., 2014a) .
29
P. danielae (Pilato et al., 2001 )* 7 E Species with Neotropical distribution, known only from Ecuador and Peru (Pilato et al., 2001 (Pilato et al., , 2002 (Pilato et al., , 2003 (Pilato et al., , 2004 . This is the third record of this species.
30
P. derkai (Degma, Michalczyk & Kaczmarek, 2008) 1 B Species currently endemic to Colombia (Degma et al., 2008) .
31
P. richtersi (Murray, 1911) sensu lato 3 F
The nominal species for a cosmopolitan (McInnes, 1994) P. areolatus-richtersi species group, so with an unknown geographic range (see also remarks in Kaczmarek et al., 2014a) . Kaczmarek, Michalczyk & Beasley, 2004* Material examined: Ten specimens in 3 samples (see Table 1 ).
Milnesium katarzynae
Remarks: Our specimens correspond perfectly to the original description (Kaczmarek et al., 2004) . This species was found in both epiphytic and rock mosses. Previously reported only from a few tropical localities (see also Table  2 ).
8. Milnesium krzysztofi Material examined: 7 specimens in 3 samples (see Table 1 ).
Remarks: Our specimens correspond perfectly to the original description . This species was found only in 2 epiphytic mosses. Previously reported only from 2 Neotropical localities (see also Table 2 ).
Discussion
As pointed out in Section 1, tardigrades of Colombia are poorly known and only a few papers, mostly faunistic, on this region have been published. The first studies of Colombian tardigrades, conducted by Richters (1911a Richters ( , 1911b , reported 6 taxa from Antioquia, Bogota, Tolima, Santander, Valle del Cauca, and Cundinamarca departments (Table 2 ). In 1914, Heinis reported 21 taxa (including 1 new for science and 15 new records) from different regions of Colombia. Later papers on Colombian tardigrades were published very sporadically, and until now only 30 taxa have been reported from this country (see Table 2 ). Additionally, at present, many taxa known from Colombia belong to species complexes, and their presence in Colombia is doubtful and needs confirmation (e.g., the nominal species Milnesium tardigradum Doyère, 1840; Macrobiotus hufelandi; M. harmsworthi Murray, 1907; Paramacrobiotus areolatus (Murray, 1907) ; and Pseudechiniscus suillus (Ehrenberg, 1853) ). In conclusion, 35 tardigrade species (including the 8 taxa reported in this study) are known from 8 Colombian departments, whereas the tardigrade fauna of the other 25 Colombian departments is completely unknown. In contrast, more species have been reported from smaller or much smaller but better studied countries/areas, e.g., for Turkey ca. 50 species, Costa Rica ca. 60, Svalbard ca. 90, Sicily and neighboring islands 98, Poland ca. 100, Slovakia ca. 100, Hungary ca. 120, and Romania ca. 140 (see Degma, 2006; Kaczmarek et al. 2010a Kaczmarek et al. , 2010b Kaczmarek et al., 2012; Vargha, 2012; Zawierucha et al., 2013; Ciobanu et al., 2014; Coulson et al., 2014; Lisi et al., 2014) . Knowledge on the tardigrade fauna of Colombia also looks very poor in comparison with knowledge of tardigrade fauna of Central and South America (100 species known from Central America, 220 from South America, and 251 from the entire Neotropical region) (Meyer, 2013; Kaczmarek et al., 2014b) . However, it is also important to point out that knowledge of tardigrades from Neotropical regions, which have the highest biodiversity in the world, is very poor in general (e.g., from Belize, El Salvador, Guatemala, Honduras, Panama, and many small island countries of Central America, 0 species are known; Cuba 1; Curaçao 1; Dominica 3; Saint Lucia 4; Barbados 5; Cayman Islands 6; Paraguay 7; Surinam 1; Nicaragua 5; Puerto Rico 9; Dominican Republic 16; Ecuador ca. 20; Venezuela ca. 20; Uruguay ca. 25; Peru 28; Bolivia ca 35; Mexico 42; Brazil ca. 60; Chile ca. 60; Argentina ca. 110) (see : Meyer, 2013; Kaczmarek et al., 2014a Kaczmarek et al., , 2014b The nominal species for a cosmopolitan species complex (McInnes, 1994; Fontoura and Morais, 2011) , so with an unknown geographic range (see also remarks in Kaczmarek et al., 2014a) .
34
Ramazzottius. oberhaeuseri (Doyère, 1840) sensu lato 2 A, D, G
The nominal species for a cosmopolitan (McInnes, 1994) species complex, but the majority of older records need to be confirmed (see also Pilato et al., 2013 and remarks in Kaczmarek et al., 2014a) .
35
Richtersius coronifer (Richters, 1903) 2 D
The species is known mainly from localities in the Holarctic (McInnes, 1994) . In this situation, the Colombian record requires confirmation. species-rich and important tropical biogeographic zones in which the tardigrade fauna is currently poorly explored.
